Urinary tract infection, most frequently caused by Escherichia coli, is one of the most common bacterial infections in humans. A vast amount of literature regarding the mechanisms through which E. coli induces pyelonephritis has accumulated. Although cystitis accounts for 95% of visits to physicians for symptoms of urinary tract infections, few in vivo studies have investigated possible differences between E. coli recovered from patients with clinical symptoms of cystitis and that from patients with symptoms of pyelonephritis. Epidemiological studies indicate that cystitis-associated strains appear to differ from pyelonephritis-associated strains in elaboration of some putative virulence factors. With transurethrally challenged mice we studied possible differences using three each of the most virulent pyelonephritis and cystitis E. coli strains in our collection. The results indicate that cystitis strains colonize the bladder more rapidly than do pyelonephritis strains, while the rates of kidney colonization are similar. Cystitis strains colonize the bladder in higher numbers, induce more pronounced histologic changes in the bladder, and are more rapidly eliminated from the mouse urinary tract than pyelonephritis strains. These results provide evidence that cystitis strains differ from pyelonephritis strains in this model, that this model is useful for the study of the uropathogenicity of cystitis strains, and that it would be unwise to use pyelonephritis strains to study putative virulence factors important in the development of cystitis.
Although the bladder, particularly in women, is often exposed to bacteria and although urine generally supports bacterial growth, the combined effects of bladder emptying by urination and an intrinsic defense mechanism associated with bladder epithelium assist in resisting bacterial infection of the bladder (4, 28, 29) . However, a breach of natural bladder defense mechanisms resulting from anatomical abnormalities of the urinary tract or, more commonly, virulence factors expressed by the colonizing bacteria results in urinary tract infection (UTI). Symptomatic UTI is manifest in two syndromes. One is acute pyelonephritis clinically identified by flank pain and fever and generally perceived as being a kidney infection. The second is cystitis, characterized by dysuria and increased frequency and urgency of urination, which is generally perceived to be a bladder infection and accounts for 95% of all visits to physicians for UTIs (7) .
In the normal urinary tract, most UTIs are caused by Escherichia coli. Studies on the uropathogenicity of E. coli have focused primarily on the development of pyelonephritis. Epidemiologic studies have implicated adhesins, particularly P fimbriae, and other factors, such as hemolysin, in the development of acute pyelonephritis; some of these have been confirmed to be virulence factors by in vitro and in vivo studies (9, 10, (18) (19) (20) . Only recently have epidemiologic studies begun to focus on cystitis, the more frequent UTI syndrome. Although some putative virulence factors appear to be common, as a group cystitis-associated strains differ from pyelonephritis-associated strains. For instance, cystitis strains less frequently possess P fimbriae than acute pyelonephritis strains (2, 22, 28) .
In this study, we tested the hypothesis that the widely used mouse model of pyelonephritis introduced by Hagberg et al. (9) distinguishes E. coli strains causing acute pyelonephritis from those causing acute cystitis.
MATERIALS AND METHODS
Bacterial strains. Seven strains of E. coli recovered from cultures of the urinary tracts of patients with clinical symptoms of cystitis (36) and three strains from patients with pyelonephritis (39) were studied. The following characteristics of the bacterial strains were assessed: type 1 fimbriae, by mannose-sensitive agglutination of guinea pig erythrocytes (26) ; P fimbriae, by mannose-resistant agglutination of human type O erythrocytes (26) ; and cytotoxic necrotizing factor (CNF), by dot blots with the CNF-encoding gene (11a). All strains expressed type 1 fimbriae, hemolysin was expressed by one of the three pyelonephritisinducing and six of the seven cystitis-inducing strains, all three pyelonephritis strains and six of the cystitis strains expressed P fimbriae, and six cystitis strains expressed CNF. In preliminary studies pyelonephritis strains CPZ 005, CFT 073 (26) , and CFT 325 (unpublished observation) colonized mouse bladder, kidneys, and urine in higher numbers than other pyelonephritis strains tested.
For mouse challenge experiments E. coli strains were cultured overnight on Trypticase soy agar (BBL, Cockeysville, Md.). Cells were harvested into phosphate-buffered 0.9% sodium chloride, pH 7.2 (PBS;BBL), and adjusted to approximately 2 ϫ 10 10 CFU per ml by comparison to McFarland turbidity standards confirmed by enumeration by the spread plate technique (Spiral Systems, Bethesda, Md.).
Mouse model of urinary tract infection. Female virus antibody-free CBA/J/ Hsd mice, weighing 22 to 24 g (Harlan Sprague Dawley, Indianapolis, Ind.), were quarantined for 1 week after receipt and allowed ad libitum access to tap water and Purina Lab Chow during quarantine and throughout the experiment. For inoculation mice were anesthetized with methoxyflurane (Metofane; PitmanMoore, Washington Crossing, N.J.). After cleansing of the periurethral area with povidone-iodine solution which was removed with sterile water, a sterile polyethylene catheter (0.28-mm inside diameter, 0.61-mm outer diameter, and 25-mm length) was inserted into the bladder through the urethra. An inoculum of 0.05 ml containing approximately 10 9 organisms was infused into the bladder through the urethral catheter over 30 s through a tuberculin syringe attached to an infusion pump (Harvard Apparatus, Millis, Mass.) controlled by a timer (Dimco-Gray Co., Dayton, Ohio). The catheter was removed immediately after challenge, and mice were returned to their cages and cared for by the normal routine.
As described previously (27) , in each experiment one mouse was used to assess whether the inoculum refluxed into the kidney during the challenge procedure. The inoculum, suspended in sterile India ink (27) , was infused into the bladder, as described above. The reflux assessment mouse was sacrificed immediately after challenge; the bladder, ureters, and kidneys were visually inspected for evidence of India ink, and the kidneys were aseptically removed and quantitatively cultured. Experimental mice were sacrificed by CO 2 overdose at 1, 3, 5, or 7 days after challenge. At sacrifice, the abdomen was opened aseptically by a midline incision and urine was aspirated from the bladder with a tuberculin syringe for quantitative bacteriologic culture. After tying of the proximal end of each ureter, the bladder was washed by injecting and aspirating sterile saline. The bladder and each kidney were removed aseptically and halved. One half of each organ was separately homogenized in PBS by using a sterile glass grinder (Kontes, Inc., Vineland, N.J.), and the other half was preserved in 10% neutral buffered formalin for histologic examination. Urine and the homogenized tissue were quantitatively cultured on Trypticase soy agar by the spread plate technique, and the mean number of CFU per milliliter of urine or per gram of bladder or kidney was determined after 24 h of incubation at 37°C.
Histological examination. Each bladder and kidney was divided longitudinally, and half the organ (including areas with gross abnormality) was fixed overnight in 10% neutral buffered formalin. Paraffin-embedded sections were stained with hematoxylin and eosin and were examined by light microscopy by a pathologist blinded to the infecting organism. The histologic criteria used for evaluation of renal lesions included dilation of the pelvis, neutrophilic infiltration and fibrosis of the pelvis, necrosis of tubular epithelium, interstitial edema, interstitial infiltrates of neutrophils and mononuclear cells in the cortex or medulla, presence of neutrophils or mononuclear cells in collecting ducts and tubules, intraparenchymal abscesses, interstitial fibrosis, tubular atrophy, and periglomerular fibrosis. The location and distribution of the lesions were evaluated, and the severity of lesions were graded with a scoring system in which ϩ, ϩϩ, and ϩϩϩ indicated mild, moderate, and severe pyelitis, respectively. The severity of pyelitis was graded based on low (ϩ) or moderate (ϩϩ) numbers of inflammatory cells accumulated beneath the epithelium lining the pelvic cavity and within the pelvic cavity, with severe pyelitis (ϩϩϩ) indicated by moderate to large numbers of inflammatory cell infiltrates surrounding the pelvis and extending into the adjacent parenchyma. Focal areas of necrosis and desquamation of the pelvic epithelium were more prominent in severe pyelitis and were accompanied by local neutrophil infiltration and moderate to pronounced purulent exudate in the lumen.
The urinary bladder was evaluated for abnormalities of the luminal epithelium, inflammatory cell infiltrates, and the presence of interstitial edema. The severity of lesions in the urinary bladder was graded as follows: 1ϩ, mild (infiltration of low numbers of neutrophils in the lamina propria, little or no interstitial edema, and absence or local evidence of regenerative hyperplasia in the luminal epithelium); 2ϩ, moderate (infiltration of moderate numbers of neutrophils in the lamina propria, moderate interstitial edema, and moderate generalized hyperplasia of the luminal epithelium); and 3ϩ, severe (diffuse infiltration of moderate to large numbers of neutrophils in the lamina propria, severe interstitial edema, and severe generalized hyperplasia of the luminal epithelium).
Urinary bladders from unchallenged CBA mice were used to examine adherence of E. coli strains to bladder mucosa by a previously described technique (12) . Mice were sacrificed by CO 2 overdose. Each urinary bladder was aseptically removed, cut to expose the mucosal surface, and placed in a plastic jig. The jig consisted of two polycarbonate squares (a 12-mm-thick base and a 12-mm-thick upper piece containing a 6-mm-diameter hole) held together with a nut and bolt at each corner. The cut mouse bladder was placed into the jig with the mucosal surface up (facing the 6-mm-diameter hole). When the upper piece of the jig was secured to the base, the bladder tissue created a watertight seal at the base of the hole. A bacterial suspension of a washed broth culture (200 l; 10 10 CFU/ml) was placed in the 6-mm-diameter well and allowed to remain in contact with the bladder mucosa for up to 2 h at 37°C. The bacterial suspension was aspirated from the well, and the bladder mucosa was washed three times with PBS (pH 7.2). Bladders were fixed in 2.5% gluteraldehyde in 0.1 M cacodylate buffer (pH 7.4), postfixed in 1% osmium tetroxide in 0.1 M cacodylate buffer (pH 7.4), dehydrated in ethanol and hexamethyldisilazone, gold and palladium coated (Hummer II sputter coater), and examined by scanning electron microscopy (JEOL model JSM T200).
Statistical analysis. Mean numbers of CFU per milliliter or per gram from cultures of urine or tissue homogenates and mean histologic scores were compared by Student's t test. Differences in the numbers of mice with bladder or kidney colonized by the challenge organism were compared by chi-square analysis. P values for the tests of the bladder/kidney ratios were calculated using Wilcoxon's signed rank test. To evaluate the association between urine or tissue counts and tissue histology scores, product-moment correlation coefficients were determined for each day of animal examination and then pooled.
RESULTS
Inspection of the reflux assessment mouse from each experiment immediately after inoculation revealed that India ink was present in each bladder but could not be visualized in the ureters or kidneys of any mice, and the challenge organism was not recovered from culture of kidney homogenates of any reflux assessment mouse.
Seven cystitis strains randomly selected from a total of 20 strains in our collection were evaluated in mice to assess uropathogenicity ( Fig. 1) . At sacrifice 1 week after challenge, strains f3, f11, and f54 were found to colonize the bladder and kidney better than the other four strains. These three strains were used in additional experiments to compare their uropathogenicities with those of the three pyelonephritis strains in our collection that had been found in previous screening experiments to best colonize mouse urine, bladder, and kidneys (CFT 073, CFT 325, and CPZ 005).
The patterns of mouse UTI produced by cystitis and pyelonephritis strains were different. These were compared by examining the mean bacterial density and prevalence of infection (proportion of animals with Ն10 3 CFU per ml of urine or per g of tissue) at each time point (Fig. 2) .
With cystitis strains, most animals were infected on days 1 and 3 with concentrations of 10 6 to 10 8 per g in the bladder and per ml of urine and about 10 3 per g in the kidney. After day 3, though most animals remained infected, the concentrations of organisms began to fall in each site, so that by day 7 the mean concentrations were Ͻ10 4 per g in the bladder and per ml of urine and Ͻ10 2 per g in the kidneys. In the same experiments, the pyelonephritis strains, though infecting the majority of animals, were initially found at concentrations of only 10 3 to 10 4 per g or tissue or per ml of urine. However, these organisms tended to persist at these concentrations in the kidneys and urine throughout the observation period.
A comparison of the cystitis and pyelonephritis strains is instructive. At 1 day after challenge, there was significantly greater colonization of the bladder (2 ϫ 10 6 versus 2 ϫ 10 4 ; P ϭ 0.013) and urine (9 ϫ 10 7 versus 2 ϫ 10 4 ; P ϭ 0.003) by cystitis strains than by pyelonephritis strains; the kidney colonization results were similar (2 ϫ 10 3 versus 8 ϫ 10 2 ; P ϭ 0.62). At 3 days after challenge, the cystitis strains continued to colonize the bladder (2 ϫ 10 6 versus 1 ϫ 10 2 ; P Ͻ 0.001) and urine (10 7 versus 10 3 ; P ϭ 0.001) better than the pyelonephritis strains; they also colonized the kidney (8 ϫ 10 3 versus 4 ϫ 10 2 ; P ϭ 0.02) better. At 5 days after challenge, cystitis strains were still recovered from bladder homogenates in significantly higher numbers than were pyelonephritis strains (3 ϫ 10 4 versus 1 ϫ 10 2 ; P ϭ 0.002). But by 7 days after challenge, due to declining colonization by cystitis strains combined with persistent or increasing colonization by pyelonephritis strains, recovery of cystitis strains was similar to that of pyelonephritis strains from the bladder (3 ϫ 10 3 versus 5 ϫ 10 3 ; P ϭ 0.83) and from the urine (2 ϫ 10 3 versus 6 ϫ 10 4 ; P ϭ 0.67). At this time pyelonephritis strains colonized the kidney better than did cystitis strains (2 ϫ 10 3 versus 7 ϫ 10 1 ; P ϭ 0.03). These findings were generally reflected in the prevalence of infection in tissue and urine. Cystitis strains were found at a significantly higher prevalence than pyelonephritis strains in the bladder on days 3 (15 of 15 versus 7 of 14; P Ͻ 0.002) and 5 (13 of 14 versus 7 of 14; P ϭ 0.012) and in urine on days 1 (14 of 15 versus 9 of 14; P ϭ 0.05) and 3 (14 of 15 versus 8 of 14; P ϭ 0.02). Over the 7-day observation period, cystitis strains resulted in significantly higher proportions than pyelonephritis strains of animals with Ն10 3 CFU per g or per ml in bladder tissue (52 of 56 versus 37 of 57; P ϭ 0.0006) and urine (46 of 56 versus 37 of 57; P ϭ 0.036). However, in the kidney, at no time point were cystitis strains more prevalent than pyelonephritis strains (Ն25 of 30 versus 18 of 28; P Ն 0.09); over the observation period, the proportions of infected kidneys did not differ for cystitis and pyelonephritis strains (74 of 112 versus 75 of 114; P ϭ 0.92). Figure 3 represents the ratio of bladder to kidney bacterial concentration at the different time points. At all time points for cystitis strains and on day 1 for pyelonephritis strains, the ratio was significantly greater than 1 (P Յ 0.044). For days 3, 5, and 7, the ratio for pyelonephritis strains was not significantly different than 1 (P Ն 0.35). This demonstrates that cystitis strains throughout the 7-day experiment infected bladder tissue at significantly greater concentration than kidney tissue. Indeed, even as cystitis strains declined in bacterial density throughout the urinary tract, they continued to infect the bladder in higher concentrations than the kidneys. Cystitis strains were found in the bladder on day 1 at 1,000 times the concentration in the kidney ( Fig. 2 and 3 ), on day 3 at about 180 times, and by days 5 and 7 at about 40 times. On the other hand, pyelonephritis strains were found in the bladder at substantially higher concentrations than in the kidney (24 times) ( Fig. 2 and inset in Fig. 3 ) only on day 1. On days 3 through 7, either pyelonephritis strains were found in greater concentration in the kidney (days 3 and 5) or the bladder concentration was only twice the kidney concentration (day 7).
The cystitis strains caused mild to moderate cystitis which persisted through day 7 (Fig. 4) . Bladders from mice challenged with cystitis strains had interstitial infiltrates of large numbers of inflammatory cells, mostly neutrophils, prominent
FIG. 2. Colonization of mouse bladder (A), kidney (B)
, and urine (C) following experimental transurethral challenge with E. coli strains originally isolated from patients with clinical symptoms of cystitis (s) or pyelonephritis (F). The challenge dose was 10 9 CFU per mouse. Data points (*P Յ 0.05) are means Ϯ standard errors of the means for 15 mice examined per day (5 mice for each of the cystitis strains f3, f11, and f54 and 5 mice for each of the pyelonephritis strains CFT 073, CFT 325, and CPZ 005). Numbers at each data point are numbers of mice with Ն10 3 CFU per g or per ml of specimen per the total number of mice for which bacterial growth was detected in at least one specimen. 
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interstitial edema, and generalized thickening of the bladder epithelium attributed to regenerative hyperplasia (Fig. 5) . On the other hand, the pyelonephritis strains elicited very minimal changes in bladder histology (Fig. 6 ), significantly less marked than those elicited by cystitis strains on days 1, 3, and 7. Of the 60 mice challenged with cystitis strains and examined over the 7-day observation period, 56 (94%) had histologic evidence of cystitis, compared to only 24 of 60 (40%) mice challenged with pyelonephritis strains (P Ͻ 0.0001). Histologic changes in the kidneys increased over the 7-day period and were greater than changes seen in the bladder. However, unlike the changes seen in the bladder, the histologic changes in the kidneys induced by cystitis strains and by pyelonephritis strains on days 1, 3, and 5 were not significantly different (P Ն 0.12). On day 7 greater changes in kidney histology were seen in mice challenged with cystitis strains than in mice challenged with pyelonephritis strains (P ϭ 0.052). Differences between cystitis and pyelonephritis strains were also observed when mouse bladders exposed in vitro to bacterial suspensions were examined by scanning electron microscopy. As seen in Fig. 7 , after 1 h of exposure of the bladder mucosa to E. coli suspension, cells of cystitis strain f11 (Fig.  7A ), but not of pyelonephritis strain CFT 073 (Fig. 7B) , were observed adhering to the bladder mucosa. After 2 h of exposure cells of f11 were still adhering (Fig. 7C ) and no CFT 073 adherence was observed (Fig. 7D) ; the mucosal surface appeared to be disrupted after f11 exposure for 2 h (Fig. 7C) but not after CFT 073 exposure (Fig. 7D) . These observations appear to be consistent with microbiologic results, which showed significantly greater colonization of the bladder by cystitis strains, and with light microscopic results, which showed early epithelial damage followed by generalized regenerative hyperplasia of bladder mucosa in mice challenged with cystitis strains but not in those challenged with pyelonephritis strains. Figure 8 shows the correlation coefficients for bladder, kidney, and urine quantitative counts plotted against bladder and histology scores. The strongest correlations were between kidney quantitative counts and kidney histology for cystitis strains (r ϭ 0.36; P ϭ 0.005) and for pyelonephritis strains (r ϭ 0.38; P ϭ 0.003). For cystitis strains, but not for pyelonephritis strains, bladder histology scores were significantly correlated with bladder and urine colony counts. For pyelonephritis strains the only significant correlation was that between kidney histology scores and kidney colony counts.
DISCUSSION
The majority of UTIs are caused by E. coli (34, 36) . Strains that infect the urinary tract are a subset of strains which col- onize the colon and possess characteristics, or virulence factors, which allow them to interact with host urinary cells and induce symptomatic urinary infections (38) . E. coli strains isolated from patients with clinical symptoms of acute pyelonephritis have been studied extensively. These strains express a number of virulence factors associated epidemiologically with acute pyelonephritis. P fimbriae, the most extensively studied urovirulence factor, mediate the adherence of these organisms to the digalactoside receptor, ␣-D-Gal-(134)-␤-D-Gal, the predominant glycolipid found in human kidney tissue (18, 24, 37) . The association of P-fimbrial expression and renal infection in mice has been confirmed (9) .
A reasonable question might be whether the only distinction between cystitis and pyelonephritis is the site where the organism happens to attach. There are reports suggesting that this sometimes may be the case, i.e., that apparently the same organism earlier causing acute pyelonephritis has caused cystitis upon recurrence in the same patient (2, 33) . However, there are other data indicating that cystitis strains as a group are different from pyelonephritis strains. The two groups differ in distribution of O, K, and H serotypes (33) . Cystitis strains adhere less well to uroepithelial cells, are less likely to mediate mannose-resistant hemagglutination, and are less often P fimbriated (2, 33, 36) . PapG III but not PapG II adhesins appear to be prominent in P-fimbriated cystitis strains (2, 36) . Dr adhesins may be associated with cystitis strains more than pyelonephritis strains, particularly in children (2, 36) . A multivariate analysis demonstrated that cystitis strains are 40 times more likely than fecal strains to display mannose-resistant hemagglutination not mediated by P fimbriae, a feature not characteristic of pyelonephritogenic strains (35) . Taken together, these data suggest that many cases of cystitis are caused by E. coli strains different from those causing acute pyelonephritis.
Although others have assessed the interaction of E. coli strains and mouse bladder (1, 5, 8, 21) or the development of cystitis and pyelonephritis following experimental challenge of mice or nonhuman primates with E. coli (16, 31, 32) , this is the first study to assess differences between the uropathogenicities of pyelonephritis and cystitis strains of E. coli in an animal model of UTI. We chose to use the transurethrally challenged mouse model which was originally described by Hagberg et al. (9) , who documented that a P-fimbria-expressing strain colonized the kidney better than P-fimbria-negative strains. Subsequent studies have shown that the model may be useful in assessing in vivo potential immunogens for prevention of pyelonephritis (30) and may be adapted to study other aspects of UTI, including Providencia stuartii (12) and Proteus mirabilis (15, 17, 25) uropathogenicity and the effects of an indwelling bladder catheter (13) and urethral obstruction (14) .
We hypothesized that the model could be used to study whether patterns of uropathogenicity from E. coli strains isolated from patients with cystitis and from those with pyelonephritis differed. The constraints of cost and time prevented us from comparing the uropathogenicities of all of the 71 pyelonephritis strains and the 20 cystitis strains in our collection. We chose to compare the most virulent strains in each group as determined by separate screening studies in mice. We should note that the screening procedures for the two groups were different. The pyelonephritis strains were screened in mice challenged transurethrally with 10 10 CFU/mouse and examined 2 days after challenge, whereas the cystitis strains were screened in mice challenged transurethrally with 10 9 CFU/mouse and examined 7 days after challenge. The three most uropathogenic strains (greatest colonizers of the bladder and kidney) in each group were selected for comparative studies of mice in which the challenge dose (10 9 CFU/mouse) and examination times (1, 3, 5, and 7 days after challenge) were standardized.
In the comparative in vivo and in vitro infection studies in mice, the cystitis strains colonized the bladder and urine significantly better than did the pyelonephritis strains. Moreover, significantly more mice challenged with cystitis strains had histologic evidence of cystitis, the mean bladder histology scores were significantly higher than they were in mice challenged with pyelonephritis strains, and, by scanning microscopy, the bladder mucosa was observed to be disrupted after 2 h of exposure to cystitis strains but not after exposure to pyelonephritis strains. These observations demonstrate that the rapid urinary tract colonization by cystitis strains has a propensity for bladder colonization. Over the 7-day observation period there was a significant reduction in bladder, kidney, and urine colonization by cystitis strains, while colonization of the urinary tract by pyelonephritis strains persisted or increased slightly.
This model does appear to distinguish cystitis from pyelonephritis strains. The cystitis strains infect the bladder and urine at high concentrations for up to 3 days and then begin to clear from the urinary tract. The pyelonephritis strains, though infecting at initially lower concentrations, tend to persist in the bladder, kidney, and urine, so that by the end of a 7-day observation period they are present in higher concentrations in the kidney than are the cystitis strains. Even as the cystitis strains are declining in concentration throughout the urinary tract, they tend to have greater bacterial densities in the bladder than in the kidney. On the other hand, the pyelonephritis strains are present at higher concentrations in the bladder first, and thereafter the kidney concentrations are either higher than or equivalent to the bladder concentrations.
For pyelonephritis strains the only significant correlation be- tween bacterial count and tissue histology was that between kidney counts and kidney histology scores. This correlation may reflect the propensity of these strains for preferentially infecting and damaging the kidney. These results appear to be consistent with observations by other authors who have noted a lack of correlation between urine counts and bladder or kidney counts when studying pyelonephritis strains (9, 11) . In contrast, for cystitis strains there were weak but significant correlations between urine or bladder counts and bladder histology scores and urine and between bladder or kidney counts and kidney histology scores. This is another example of differences between cystitis and pyelonephritis strains and suggests that for cystitis strains quantitative urine culture results may be useful in monitoring bladder and kidney infection in mice.
We believe that this model mimics in many ways the important features of cystitis in humans. The model is of females, the inoculum is introduced into the bladder, and bacteriuria is a concomitant part of the infection. Cystitis strains infect the bladder in greater concentrations than the kidney. It is interesting that while most clinicians ascribe cystitis to an infection of the bladder, 15 to 25% of "cystitis" cases may actually have bacteria above the level of the bladder as well (3, 6) . In our animal model cystitis strains spontaneously began to clear from the urine and urinary tract. While the natural history of cystitis in humans is difficult to ascertain in the era of antibiotics, in a randomized trial Mabeck assigned 53 nonpregnant women with symptomatic bacterial cystitis to placebo therapy (23) . Of these, eight required antibiotic therapy because of persistent symptoms. However, of the remaining 45, 43 cleared the bacteriuria without antibiotics, 32 within 1 month (23).
The mechanisms responsible for the observed differences in urinary tract colonization by cystitis and pyelonephritis strains FIG. 7 . Scanning electron photomicrographs of mouse bladder mucosa after in vitro exposure to E. coli suspensions. After 1 h of exposure cells of cystitis strain f11 are observed adhering to the bladder mucosa (A) but no cells of pyelonephritis strain CFT 073 are observed (B). After 2 h of exposure to cystitis strain f11, the bladder mucosa appears to be disrupted (C), unlike mucosa exposed to pyelonephritis strain CFT 073 for 2 h (D), which appears similar to mucosa exposed to PBS (pH 7.2) for 2 h (data not shown). Magnifications, ϫ2,000 (A and B) and ϫ500 (C and D). are not known. Presumably, pyelonephritis strains persist in the urinary tract as a result of expression of adhesins that promote colonization of the uroepithelium. Studies are ongoing to determine bacterial and host factors which are important in the induction of cystitis by E. coli strains isolated from patients with clinical symptoms of cystitis.
Differences between patterns of urinary tract colonization by cystitis and pyelonephritis strains were clearly demonstrated by using the transurethrally challenged mouse model. This suggests two important consequences. First, the model should be useful in defining factors that promote infection of the lower urinary tract by cystitis strains. Secondly, since the patterns of urinary tract colonization by cystitis and pyelonephritis strains are different, it would be unwise to attempt to study cystitis by using bacterial strains isolated from patients with clinical symptoms of pyelonephritis.
